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Supplementary Materials
Section S1. The calculated bending stiffness of the thin film For the calculation of bending stiffness of hybrid nanomembranes, a representative crosssectional geometry of the thin film is illustrated in fig. S4 . In this structure, there are n AgNWs with a radius of r and Young's modulus of 83 GPa, which were wrapped by a parylene film with the size of b × h and Young's modulus of 3.2 GPa. The distance between the neutral axis and bottom of the thin film is
where 0 is the distance between the neutral axis and bottom of the thin film, h is the thickness of film, h́ is the distance between bottom of AgNWs and thin film, r is the radius of AgNWs, b is the width of parylene film, and EAg and EPa are the Young's modulus of silver and parylene, respectively. From the value of y0, we can calculate the bending stiffness (EI) using the equation as below
Section S2. The measured bending stiffness of the thin film
To investigate the measured bending stiffness of hybrid nanomembranes as a function of the density of orthogonal AgNW arrays, we assumed the hybrid NM as a single film and calculated the bending stiffness using the equation
Here, is the Young's modulus of hybrid NM with orthogonal AgNW arrays, which was experimentally obtained from the capillary wrinkling test. 
